The purpose of this study was to determine PM 2.5 mass concentration and the contents of trace elements and water-soluble ions in samples collected inside the Metropolitan area of Huancayo. Four monitoring stations were installed at three urban areas (UNCP, HYO, and CHI) and one rural (IGP). The sampling campaign was carried out from March 2017 to November 2017. The PM 2.5 content was determined by gravimetric method, and fifteen trace elements (TE) and seven water-soluble ions were detected by inductively coupled plasma mass spectrometry (ICP-MS), and ion chromatography (IC), respectively. Datasets were assessed by one ANOVA test to detect significant differences among monitoring station. Hierarchical cluster analysis (HCA) and principal component analysis (PCA) were applied for source identification. The mean annual concentration of PM 2.5 mass concentrations has ranged (average) from 3.4 to 36.8 µg/m 3 (16.6 ± 6.8 µg/m 3 ) for the monitoring stations under study. The annual World Health Organization thresholds and national air quality standards were exceeded. Significant differences (p < 0.05) were observed between most trace elements at urban and rural areas. PCA and HCA illustrated that the most important sources of traces element originated of natural origin (soil re-suspension) and vehicular sources (fuel combustion, abrasion of vehicles tires, wear car components).
Introduction
Air pollution and atmospheric deposition of toxic trace elements have become a major environmental concern around the world because of its adverse effect on human health and the environment [1] [2] [3] . Among major urban air pollutants, airborne particulate matter (PM), in inhalable coarse particles (PM 10 -particles that have aerodynamic diameters less than or equal to 10 µm) or particularly fine particles (PM 2.5 -aerodynamic diameters of 2.5 µm or less) [4] show potential risk to the health human causing premature mortality and cardiovascular diseases [5] . Airborne particulate matter represents a complex mixture of organic and inorganic substances [6, 7] such as chemical elements (i.e., Si, Al, Fe, Ca, Ti, V, Cr, Cu, Zn), volatile organic compounds (VOCs), water-soluble ions (i.e., SO
Experiments

Area Description
The study was carried out in Huancayo city, the political capital of Junín region (Central Andes of Peru). This city is at about 3500 m above the sea level (m.a.s.l) and had an approximate population of 507,075 inhabitants [27] . Huancayo city is nestled in the Mantaro Valley that covers an area of 319.4 km 2 . It is bordered by mountains that act as natural barriers for air circulation and agricultural areas that produce significant amounts of different crops (i.e., vegetables, corn, potatoes) [28, 29] . The automotive park counts with 64,576 vehicles [27] and probably is the main source of air pollution of the Metropolitan area. Pollutants may also be released from point sources, such as car repair, domestic heating systems, intensive agricultural practices, construction/demolition activities among others.
The climate at Huancayo city regularly is based on data collected at Observatory of Huancayo (IGP) from 1966 to 2002. Colder temperatures are recorded at June and July (winter) and the higher values are around October and December. The annual average temperature is 11.9 ± 1.2 • C. Precipitation has two marked seasons: dry and wet. From June to July the lowest rain amounts are recorded, meanwhile from January to March highest precipitation is recorded. February is the month with the highest record reaching an accumulated value of 129.1 mm. Mean annual accumulated precipitation is 752 ± 44.3 mm [30] . 2.5 were collected at the four monitoring stations of Huancayo city (see Figure 1 ). Aerosol sampling was performed simultaneously at four monitoring stations collecting one sample by week and about five per month with 24 h sampling time. The locations of the monitoring stations relate the spatial distribution of three main districts that are considered Metropolitan Huancayo (Huancayo, El Tambo, and Chilca), where main commercial and transport activities are performed. The two first stations were installed in urban areas, very close to the downtown area, the third station (UNCP) was installed near the main highway, at 5.2 km to downtown. The last station (IGP) is located in a rural area, approximately 13.5 km of distance to Huancayo city. Table 1 presents a short description of monitoring stations. Blank filters also were considered for analysis. All filters collected were enclosed in Petri dishes (gamma radiation sterilized, VWR, USA), sealed with Teflon tape and placed within screwed aluminum holders, stored in coolers, and kept refrigerated at −20 • C until analysis.
The mass of the particles was calculated by the difference between the filter weight before and after sampling, and the concentration in the designated size range was computed by dividing the weight gain of the filter by the volume of the air sampled [31] . The filter weighing procedure was carried out in a temperature and humidity controlled clean room on a microbalance capable of making measurements of weight of objects of relatively small mass. 
Extraction and Chemical Analysis
Water-Soluble Ion Content
Water soluble inorganic ions (anions and cations), were extracted in 10.0 mL of ultrapure water (18.2 MΩ cm) obtained from Milli-Q water (Milli-Q water purification system, Millipore Corp., Burlington, MA, USA), which was sonicated for 10 min. The extract was filtered through a 0.45 µm syringe filters of cellulose acetate membrane (Sartorius, Germany) [32] . Concentrations of water-soluble inorganic ions were measured by Ion Chromatography (Dionex ICS 5000 system, Thermo Fisher Scientific, Brazil) fitted with an ASRS-ULTRA self-regenerating suppressor and an Ion Pac AS4A-SC column by applying a Na 2 CO 3 /NaHCO 3 -eluent and additionally, a flow rate of 2 mL/min and sample injection volume was 25 µL were used, respectively. Single Standard solutions (Suprapure grade, Merck, Darmstadt, Germany) of anions and cations were used in different concentrations for a six-point external calibration. In total, seven ions: sulfate (SO 
Trace Elements
For analysis of trace elements (Al, As, Ba, Ca, Cd, Cr, Cu, Fe, K, Mn, Ni, Pb, Rb, V, and Zn), filters were placed into a polytetrafluoroethylene (PTFE) flask, and then digested with 3 mL HNO 3 (Suprapure grade, Merck, Darmstadt) at 120 • C for 4 h on a hot plate. After digestion, the samples were diluted to reach 5% HNO 3 , and the solution obtained was analyzed by inductively coupled plasma mass spectrometer (ICP-MS) Elan DRC II mass spectrometer (PerkinElmer SCIEX, Norwalk, CT, USA). Operating conditions for samples analysis by ICP-MS are presented in Table 2 . 103 Rh was used as internal standard (IS) to correct instrumental drifts and plasma fluctuations. Certified multi-element standards of trace elements were used to build a six-point external calibration was used to quantify the trace elements. 
Quality Control
All samples were measured in triplicates and blank filters in both methods were also analyzed in parallel. To check the accuracy of digestion and analytical procedures, the standard reference material (SRM) of NIST 1648 "urban particulate matter" from the National Institute of Standards and Technology (NIST, Gaithersburg, USA) was analyzed. The limits of detection (LOD) and quantification (LOQ) were computed as three and ten times the standard deviation of ten blank measurements divided by the slope of the analytical curve. Table 3 shows the LOD, LOQ, and the extraction efficiencies of the SRM used. As can be seen, all results obtained were within the certified values, and extraction efficiencies ranged of 80-108% for all elements measured. Non-reported represents non-certified and non-measured elements from SRM 1648. One-way analysis of variance (ANOVA) was used to determine whether the mean daily ratios of the amounts of the examined pollutants differ significantly for each city. If ANOVA, based on F-test, detects a significant difference among these means, another test is then applied to determine that exactly which means differ significantly from the other [33] . There are several methods available for comparing means calculated from sub-samples of a sample [34] . A relatively simple but effective way is to use the Tukey test, In this work Least Significant Difference (LSD) Tukey test, which calculates the smallest significant between two means as if a test had been run on those two means [35] . This enables you make direct comparisons between two means from two individual groups.
Principal Component Analysis
Principal component analysis (PCA) is a dimension-reduction statistical technique that compresses the data by reducing the number of variables from a large set of variables to a small set of uncorrelated variables called principal components, without much loss of information [36] . The first component accounts for the largest possible variance (variability in the data), and each succeeding component accounts for as much of the remaining variability possible [37] . PCA with VARIMAX rotation was used, to identify potential sources emissions in the study area. The number of components was determined by Kaiser's criterion-an eigenvalue >1 [38] .
Hierarchical Cluster Analysis and Non-Hierarchical Cluster Analysis.
Actually, there are two main classes of clustering method: hierarchic and non-hierarchic methods. Hierarchical Cluster Analysis (HCA) generates a classification in which a small cluster of similar characteristics or properties are nested within larger clusters of less closely-related characteristics. Non-Hierarchical Cluster Analysis (NHCA) produces a classification by partitioning a dataset, giving a set of non-overlapping groups having no hierarchical relationships between them [39] . The optimal number of cluster usually determined through of K-means, and K-medoids algorithms. Both K-means and K-medoids attempt to minimize the distance between points labeled to be in a cluster and the point designated as the center of that cluster. K-means processes with the thought that new cluster should be formed according to the distance between points and center of clusters minimizing the Euclidean distances [40] . In contrast, K-Medoids or Partitioning Around Metoids (PAM) is a classical partitioning technique of clustering, which chooses data points as centers and can be used with arbitrary distances. The optimal number of cluster can be determined as follow: (1) compute clustering algorithm (k-means clustering) for different values of k; (2) for each k, calculate the total within-cluster sum of square (wss); (3) plot the curve of wss according to the number of clusters k; and (4) the location of a knee in the plot is generally considered as an indicator of the appropriate number of clusters [39] . When you use non-hierarchical cluster analysis, a logic way to determine the optimum number of clusters is as follows. The homogeneity within clusters can be measured by RMSD, defined as the sum of the root mean square deviations of cluster elements from the corresponding cluster center over clusters. The RMSD value usually decreases with an increasing number of clusters. Thus, this quantity itself is not very useful for deciding the optimal number of clusters. However, the change of RMSD (CRMSD) versus the change of cluster numbers, or even the change of CRMSD (CCRMSD) is much more informative. Therefore, working with cluster numbers from for example, 15 to 1, an optimal cluster number can be selected so as to maximize the change in CRMSD. The rationale behind this approach is that the number of clusters producing the largest improvement in cluster performance compared to that for a smaller number of clusters is considered optimal.
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The grouping of data according to common properties is often based on the distance between the data. Some of these methods are: Euclidean distance and Mahalanobis distance [41] . The Euclidean distance treats each variable as equally important in calculating the distance, while Mahalanobis distance, which measures the distance between each observation in a multidimensional cloud of points and the centroid of the cloud [42] . The Euclidean distance between vectors x and y is represented in Equation (1), and the Mahalanobis distance D2 is showed in Equation (2).
where x is a vector of values for a particular observation, m is the vector of means of each variable, and V is the variance-covariance matrix. For high dimensional vectors, you might find that Manhattan works better than the Euclidean distance. The reason for this is quite simple to explain. Consider the case where we use the l ∞ norm that is the Minkowski distance with exponent = infinity. Then the distance is the highest difference between any two dimensions of your vectors. We can see that this does not make sense in many dimensions as we would be ignoring most of the dimensionality and measuring distance based on a single attribute. In this way, Mahalanobis metric takes into account different standard deviations of the components of the vectors as well as the correlations between the components [43] . In other words, using Mahalanobis metric, you can avoid that a major number of variables correlating with each other, namely involving less information compared to their number, are considered with unduly high weight when classifying, than a lower number of variables being non-correlated and, in this way, having the higher amount of information. Hierarchical Cluster Analysis (HCA) using Ward's method of linkage and the squared Euclidean distance for similarities was used to segregate associations within the group of trace elements and water-soluble ions to identify possible pollutant sources [40] . All statistical analyses were performed using CRAN R free software, version 3.3.2 [44] using the following R packages: factoextra [45] , ggplot2 [46] , cluster [47, 48] , and psych [49] .
Results
Trace Element Contents and Water-Soluble Ion
Mean concentration ± standard deviation (S.D) and ANOVA results of fifteen trace elements: Al, As, Ba, Ca, Cd, Cr, Cu, Fe, K, Mn, Ni, Pb, Rb, V, and Zn and seven water-soluble ions: acetate (Ac − ), formate (Fo − ), chloride (Cl − ), nitrate (NO Table 4 . The highest concentrations of trace elements and water-soluble ions were observed in the two main urban areas (CHI and HYO). For instance, higher concentration levels of Al, As, Ca, Cd, Cr, Fe, Mn, Ni, Pb, Rb, V, Ac − , Fo − , Cl − , and Ox − were observed at CHI, while Ba, Cu, Zn, NO − 3 , and NH + 4 were elevated at HYO where intense vehicular traffic is observed all day. Significant difference (p < 0.05) between mean of monitoring stations was observed for most elements, except for Ni, and V. No significant difference was found for most of the water-soluble ions, except for Fo − , and Cl − . A Values on each horizontal line followed by the same letter do not differ significantly (p = 0.05). * Significant at 0.05 probability level. ** Significant at 0.01 probability level. *** Significant at 0.001 probability level. N = number of individual samples collected in each monitoring station.
Altogether, the concentrations of most trace element and water-soluble ions at urban areas were higher than those at the rural area. The rural area is approximately 13.5 km away from the main urban area. Conversely, element concentrations of Al, As, Ca, Cd, Cu, Fe, Mn, P, Pb, Rb, Zn, and Cl − from UNCP and rural area (IGP) were comparable.
The mass concentration of PM 2.5 at UNCP, HYO, CHI, and IGP were 12.7 ± 4.47 µg/m 3 , 19.1 ± 6.26 µg/m 3 , 25.8 ± 11.0 µg/m 3 , and 8.8 ± 5.5 µg/m 3 , respectively (Figure 2 ). Higher PM 2.5 mass concentrations were observed in the dry season (May to September) than wet season (March to April and October to November) (Figure 3 ). If ANOVA resulted in significant differences between the means of the pollutants, then the Tukey's honestly significant difference test was applied in order to quantitatively compare the absolute values of the seasonal + site means of the examined pollutants (trace elements/water-soluble ions/PM 2.5 ) between each season + site (pairwise multiple comparisons; Tukey 1985). From Figure 2 is observed a significant difference (p < 0.05) between main urban areas (CHI and HYO) and rural area (IGP) and urban area (UNCP) far downtown. In the Figure 3 is noted that only IGP area present significant difference between the dry and wet seasons. 
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Hierarchical cluster analysis (HCA) was applied to the concentration of trace elements and revealed two distinct groups. Group I was formed by Cd, As, Al, Ca, Mn, Rb, Cr, K, Fe, Ni, and Cu, the two last intimately linked, while Group II was formed by Ba, Zn, V, and Pb. A dendrogram depicting the Groups of trace elements is shown in Figure 4 . The results indicate that elements belonging to the same group share similar characteristics and source of emission. The resulting dendrogram (Figure 4 ) suggest that group I may have a mixture of both natural and anthropogenic sources, while group II suggests elements released basically from anthropogenic activities.
Hierarchical cluster analysis (HCA) was applied to the concentration of trace elements and revealed two distinct groups. Group I was formed by Cd, As, Al, Ca, Mn, Rb, Cr, K, Fe, Ni, and Cu, the two last intimately linked, while Group II was formed by Ba, Zn, V, and Pb. A dendrogram depicting the Groups of trace elements is shown in Figure 4 . The results indicate that elements belonging to the same group share similar characteristics and source of emission. The resulting dendrogram (Figure 4 ) suggest that group I may have a mixture of both natural and anthropogenic sources, while group II suggests elements released basically from anthropogenic activities. 
Water-Soluble Ions
The HCA applied to water-soluble ions concentrations ( Figure 5 ) allowed dividing the ions into two main groups: sulfate (SO ) and ammonium (NH ) constituting Group I. Group II was formed by nitrate (NO ), acetate (Ac − ), oxalate (Ox − ), formate (Fo − ), and chlorine (Cl − ). The groups formed suggest that the ions tested may have come from a common source [20] . Based on hierarchical clustering analysis ( Figure 5 ), Group I indicates the grouping of secondary inorganic species. Group II shows NO another secondary aerosol separated from others anions, while Ac − and Ox − linked intimately, and Fo − and Cl − also linked closely. 
Principal Component Analysis
Trace Elements
The matrix with the concentration of fifteen elements from four monitoring stations (15 variables × 74 samples) was submitted to principal component analysis (PCA). The results of PCA after VARIMAX rotation are presented in Table 5 . Two factors were obtained with Eigenvalues > 1, 
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The HCA applied to water-soluble ions concentrations ( Figure 5 ) allowed dividing the ions into two main groups: sulfate (SO Hierarchical cluster analysis (HCA) was applied to the concentration of trace elements and revealed two distinct groups. Group I was formed by Cd, As, Al, Ca, Mn, Rb, Cr, K, Fe, Ni, and Cu, the two last intimately linked, while Group II was formed by Ba, Zn, V, and Pb. A dendrogram depicting the Groups of trace elements is shown in Figure 4 . The results indicate that elements belonging to the same group share similar characteristics and source of emission. The resulting dendrogram (Figure 4 ) suggest that group I may have a mixture of both natural and anthropogenic sources, while group II suggests elements released basically from anthropogenic activities. 
Principal Component Analysis
Trace Elements
The matrix with the concentration of fifteen elements from four monitoring stations (15 variables × 74 samples) was submitted to principal component analysis (PCA). The results of PCA after VARIMAX rotation are presented in Table 5 . Two factors were obtained with Eigenvalues > 1, Figure 5 . Results of the hierarchical cluster analysis (dendrogram) of the water-soluble ions concentrations measured in PM 2.5 .
Principal Component Analysis
Trace Elements
The matrix with the concentration of fifteen elements from four monitoring stations (15 variables × 74 samples) was submitted to principal component analysis (PCA). The results of PCA after VARIMAX rotation are presented in Table 5 . Two factors were obtained with Eigenvalues > 1, explaining 68% of the total variance in the data set. The Factor 1 accounts for 49% of the total variance and showed high positive loading for Al, As, Ca, Cd, Cr, Fe, K, Mn, and Rb (Table 5) . Factor 2 explained 19% of the total variance and was observed high positive loadings among Ba, Pb, V, and Zn. Communalities of most elements were over 60% with the exception of Cd and Ni, whose commonalities are less than 60%. 
Water-Soluble Ions
The matrix with the concentration of seven water-soluble ions from four monitoring stations (7 variables × 70 samples) was submitted to principal component analysis (PCA). The results of PCA after VARIMAX rotation are presented in Table 6 . Two factors were obtained with Eigenvalues > 1, explaining 69% of the total variance in the data set. The Factor 1 accounts for 39% of the total variance and showed high positive loading for Ac − , Fo − , Cl − , NO 
Discussion
Mean trace elements measured in PM 2.5 samples decreased in the following order K > Fe > Ca > Al > Zn > Cr > Mn > Pb > Ba > Cu > Ni > V > As > Rb > Cd from macronutrients, micronutrients and trace elements. Likewise, water-soluble ions decreased in the following order: ammonium (NH The PM 2.5 mass concentration was found to range from 3.4 to 36.8 µg/m 3 with an average value of 16.6 ± 6.8 µg/m 3 . This value is greater than prescribed by the National Ambient Air Quality Standards (NAAQS) (15.0 µg/m 3 ), but minor than the Peruvian national Air Quality Standards (ECA) (25.0 µg/m 3 ). This result is not surprising due to that Huancayo city is inside priority attention area, where urban areas have a population greater than 250,000, has a strong influence on commercial activities, and big vehicle fleet. Based on these results, therefore are needed the implement Air Quality Improvement Action Plans in Huancayo city. Higher PM 2.5 mass concentrations were observed in the dry season ( Figure 3 ) than wet season. As expected, wet removal/reduction of particulate matter by rainfall influence in the aerosol concentration of a pollutant atmosphere [50] .
All element concentrations and water-soluble ions were evidently higher in the two main urban areas (HYO and CHI) inside the Metropolitan area of Huancayo. Both urban areas nested the main supermarkets, buildings, commerce and have a big vehicular fleet. For example, the highest concentration of Ba, Cu, and Zn were observed in HYO, while Pb, Ni, and V were elevated at CHI. According to Fijuwara et al. [51] , Pb, Zn, and Ba are traffic markers, while Janta and Chantara [1] , concluded that Cr, Pb, Cu, and Zn come mainly from vehicular sources. In addition, Querol et al. [52] suggested that Sb, Cu, Zn, Ba, and Fe are markers of brake or other vehicular parts wear and may be considered as indicators of re-suspension caused by traffic. Ba, V, Ni, Zn, Cu, and Sb, were also related to traffic emissions [53] [54] [55] , while V and Ni were mostly associated with the oil combustion process from diesel engines [56, 57] . According to the literature, we can conclude that Ba, Cu, Cr, Ni, Pb, Zn, and V may be correlated with vehicle emissions. It should be noted Peru has phased out leaded gasoline since 2009; however, Pb still presents into the environment of Metropolitan area of Huancayo may be due to past emissions and the fast increase in Huancayo's vehicular fleet. For example, Pb is widely used in the manufacturing of different car components such as solder in electronics, lead-based paint, lead wheel weights, and lead-acid batteries, and their wear may release particles containing Pb [58] .
Sulfate, nitrate and ammonium, three secondary inorganics comprise approximately 25-50% of the PM 2.5 mass concentration [23, 59] and are believed to originate from secondary transformation of their precursors such as SO 2 , NO 2 , and NH 3 [60] . In Huancayo, NO − 3 , and NH + 4 , dominated the water-soluble ions with elevated concentrations. Elevated nitrate was found in H and CHI, suggesting that this secondary aerosol might derive from vehicle emission, and ammonium concentration found at HYO may be ascribed to ammonia emission from a light-duty vehicle and IGP may be related to animal farming, fertilizers, and organic decomposition.
Sulfate aerosol is formed in the gas phase by reaction of sulfur dioxide (SO 2 ) with OH to form SO 3 which is then instantaneously converted into particulate sulfate. (SO 2− 4 ). SO 2− 4 and Cl − are typical tracers of coal combustion and major contribution in PM 2.5 mass concentration [23] .
The hierarchical cluster analyses (HCA) using either, trace elements (TE) or water-soluble ions (WSI) segregated two main groups. Based on previous reports, cluster of TE (Figure 4) containing Cd, K, Cr, As, Al, Fe, Ca, Mn, Rb, Ni, and Cu suggest a mixture of natural sources (Al, K, Mn, and Rb) and anthropogenic activities (Ca, Cd, Cr, Fe, and Ni), while Group 2 confirmed by Ba, Zn, V, and Pb suggests that anthropogenic activities such as vehicle sources for example, exhausts, re-suspension, and abrasion are the main pollution sources.
In relation to WSI (Figure 5 ), the cluster in Group 1 suggested that residential coal combustion and vehicle exhaust might be related to sulfate concentrations, while ammonium may be related to vehicular emissions from the light-duty vehicle. For instance, Dai et al. [61] showed direct evidence of sulfate emission from residential coal combustion present in particulate matter from Xian, China. Guo et al. [62] stated that one of the major sources of atmospheric sulfate is attributed to vehicle exhaust. Anthropogenic sulfate from fossil fuel combustion can be included in primary and secondary sulfate. Particulate ammonium mainly originates from ammonia vapor and ammonium salt particles [63] in form of ammonia are found in urban areas where gaseous ammonia reacts chemically with other compounds, leading to the formation of "smog", which are respirable and can reach the alveoli, causing a number of respiratory disorders [64] . Elser et al. [65] presented high contributions of vehicular emissions to ammonia observed in three European urban cities: Zurich (Switzerland), Tartu (Estonia) and Tallin (Estonia). In Group 2, it clearly is observed that nitrate is separated of other elements, indicating that NO − 3 may be released from vehicle emission. PCA analysis of trace elements, in this study, segregated two groups. The first factor shows nine elements positively correlated with factor loadings higher than 0.60: Al, As, Ca, Cd, Cr, Fe, K, Mn, and Rb (Table 5) . Elements, such as Al, K, Mn, and Rb are related to natural origin (geogenic sources), and As, Ca, Cd, Cr, and Fe are related to anthropogenic activities. Geogenic sources may be released by weathering of several minerals, especially silicates, carbonates, and oxides. Elevated calcium concentrations observed in H and CHI might be associated to release of this element during construction/demolition activities. Cadmium is a rare element (0.2 mg/kg in the earth crust), a non-nutritive element that may not likely be released by the soil. Cd can be added to the soil through natural (e.g., weathering of Cd-containing rocks, sea spray, volcanic activity) and anthropogenic activities (e.g., fossil fuel combustion, cadmium-nickel battery manufacture, fertilizer based on rock phosphate, and waste incineration) [7, 66, 67] . Therefore, we can conclude that the first groups may be ascribed to both natural sources (as result of soil re-suspended) and anthropogenic origin. In contrast, factor 2 showed elements of anthropogenic origin and suggest vehicular sources as the major sources.
PCA analysis of water-soluble ions segregated two groups. Five ions (acetate, formate, oxalate, chlorine, and nitrate) positively correlated with factor loading higher than 0.60 formed the factor 1. Factor 2 was represented by sulfate and ammonium positively correlated with factor loading higher than 0.60. Nitrate, sulfate, and ammonium showed higher values in urban areas from Huancayo Metropolitan, therefore, we may suppose that vehicular emission and posterior chemical transformation as the main pollutant source of these ions.
PCA and HCA multivariate statistical techniques indicate that there are two main sources of trace elements and water-soluble ions contained in PM 2.5 collected from four monitoring stations inside the Metropolitan area of Huancayo. Both multivariate techniques suggested that Ba, Pb, V, and Zn are release from anthropogenic origin. Likewise, nitrate, sulfate, and ammonium are probably formed from vehicle emission precursors such as SO 2 , NO 2 , and NH 3 .
The results obtained in this study confirm that urban activities and heavy vehicular flux (big fleet vehicular) can be emission sources of trace elements and water-soluble ions into the Metropolitan Huancayo.
Conclusions
The present study is probably the first report on trace element levels and water-soluble ions from PM 2.5 collected at four monitoring stations of Metropolitan Huancayo (Peru). The PM 2.5 results offer a preliminary assessment and a general idea of the state of air quality from the study area. The highest annual PM 2.5 concentrations were found at monitoring stations of CHI (25.8 µg/m 3 ) and HYO (19.1 µg/m 3 ). In contrast, the lowest annual concentration for PM 2.5 was observed at monitoring stations of UNCP (12.7 µg/m 3 ) and IGP (8.8 µg/m 3 ). On the other hand, the monitoring of the station of HYO and CHI has exceeded the Peruvian national air quality standards and WHO thresholds. PM 2.5 samples collected in the main urban areas (HYO and CHI) show higher concentrations of trace elements and water-soluble ions than those of rural area. HCA and PCA results showed consistent segregation of trace elements and water-soluble ions. Most trace elements (Al, As, Cd, Ca, Mn, Rb, Cr, K, Fe, Ni, and Cu) were related to a combination of both anthropogenic and natural origin (soil re-suspension), while Ba, Zn, V, and Pb were related to vehicle sources. The water-soluble ions may be derived from vehicular emissions. Therefore, the present work confirms that the main contaminations are related to soil dust and vehicular sources. 
